We report the case of a 19-year old Filipino woman who presented with hard masses on the left upper arm and leg with multiple fractures on all extremities. Her serum calcium and intact parathyroid hormone (iPTH) levels were elevated, while serum phosphorus was low. Ultrasonography of the neck revealed a left inferior parathyroid mass. Ultrasoundguided fine needle aspiration of the mass revealed findings consistent with parathyroid carcinoma. After hydration and administration of diuretic and bisphosphonate to control the severe hypercalcemia, she subsequently underwent 3½ gland parathyroidectomy with en-bloc left thyroid lobectomy. There was immediate normalization of biochemical indices after surgery. Three months later, the fractures on all extremities were fully resolved.
About 3 months prior to admission, she could no longer ambulate due to severe bone pains. She also noted multiple fixed hard masses on the left upper arm and leg. She was brought to a general physician for consultation following spontaneous fracture of her left humerus and left femur. She was referred to an orthopedic surgeon who worked her up as case of primary bone malignancy to rule out multiple myeloma. Bone biopsy revealed brown cell tumor/multifocal polyostotic giant cell tumor consistent with skeletal changes associated with hyperparathyroidism ( Figure 1 ). She was subsequently transferred to our institution for further workup of the etiology of hyperparathyroidism.
On examination, her vital signs were stable. Pertinent physical examination findings were deformities on both arms and the left thigh. These were consistent with radiologic findings of closed complete fractures on the middle third of the humerus on both arms, and the middle third of the right femur (Figures 2 and 3 ). She experienced severe pain even on minimal movement. She was admitted with the diagnosis of brown cell tumor with multiple lytic bone lesions secondary to primary hyperparathyroidism from a parathyroid adenoma or carcinoma.
Ê CASE
A 19-year old Filipino female was admitted due to multiple fractures on all extremities. About 7 months prior to admission, she noted onset of bone pain, initially at the pelvic and lumbosacral areas, progressing to include the arms and thighs. This was associated with fatigue, anorexia, muscle weakness and progressive weight loss about of 30%. She took analgesics and tolerated her condition.
On examination, her vital signs were stable. Pertinent physical examination findings were deformities on both arms and the left thigh. These were consistent with radiologic findings of closed complete fractures on the middle third of the humerus on both arms, and the middle third of the right femur (Figures 2 and 3 ). She experienced severe pain even on minimal movement. She was admitted with the diagnosis of brown cell tumor with multiple lytic bone lesions secondary to primary hyperparathyroidism from a parathyroid adenoma or carcinoma. 
Laboratory Work-up
Her corrected calcium was elevated at 1361 umol/L [normal value (NV) 760 to 884 umol/L], while serum phosphorus was decreased at 221 umol/L (NV 221 to 396 umol/L). iPTH was extremely high at 2001 pg/mL (NV 8.5 to 72.5 pg/mL). X-ray of the extremities showed osteopenia, endosteal resorptive changes and multiple pathologic fractures. Ultrasonography of the neck revealed a parathyroid mass probably an adenoma at the inferior pole of left thyroid gland measuring 2.3 cm x 1.1 cm x 1.0 cm. Sestamibi scan of the parathyroid gland was not done as this was not available in our region. An ultrasoundguided fine needle biopsy was done instead, which revealed histologic findings consistent with parathyroid carcinoma (Figure 4) . Ultrasonography of the kidneys revealed bilateral nephrolithiases. Free thyroxine, triiodothyronine and thyroid-stimulating hormone levels were within normal limits.
Management
Intravenous hydration, furosemide and alendronate were given for the severe hypercalcemia. Conservative treatment with plaster reduction was done by the 
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Management
Intravenous hydration, furosemide and alendronate were given for the severe hypercalcemia. Conservative treatment with plaster reduction was done by the Ê Orthopedics Department for the management of her multiple fractures. After 2 weeks of medical management, she underwent 3½ gland parathyroidectomy with en bloc left thyroid lobectomy. Intraoperative findings revealed a left parathyroid gland mass with poorly circumscribed borders invading the capsule and local tissues, and a wellcircumscribed right parathyroid mass. Serum calcium and iPTH immediately decreased (1131 umol/L from 1255 umol/L and 211.8 pg/mL from 2001 pg/mlL, respectively) one hour after the surgery. Further reduction was noted 24 hours (corrected calcium 9.2 mg/dL, iPTH 48 pg/mL) and 72 hours (serum calcium 795 umol/L, phosphorus 232 umol/L) post-surgery. Histopathologic examination of the left parathyroid gland showed cytomorphologic features suspicious for neoplasm, described as areas with monotonous nuclear atypia, fibrosis and focal trabecular growth with prominent nuclear pleomorphism and scant to ample amount of granular cytoplasm (Figure 5a and 5b). The right parathyroid gland showed mild hypercellularity with benign epithelial cells and cystic degeneration consistent with adenoma. Immunohistochemical staining revealed negative results for TTF-1, calcitonin and chromogranin. Ki-67 study also showed low proliferation at less than 6%. These signify the absence of a neuroendocrine tumor and also indicate a slow rate of cell division of the parathyroid malignant cells.
Her postoperative course was unremarkable. She was discharged 7 days after surgery with plaster reduction on all extremities, and home medications of calcium carbonate + cholecalciferol and alendronate sodium.
Outcome and Follow-up
Three months after discharge, the multiple fractures in her extremities resolved completely with no recurrence of fractures or bone pains ( Figures 6 and 7) . The hard masses in the left femur and tibia also disappeared.
DISCUSSION
While parathyroid adenomas represent a common endocrine problem, parathyroid carcinomas are very rare tumors. With an estimated incidence of 0.015 per 100,000 population and an estimated prevalence of 0.005% in the United States, parathyroid cancer is one of the rarest of all human cancers. 1, 2 In Europe, the United States and Japan, parathyroid carcinoma has been estimated to cause hyperparathyroidism (HPT) in 0.017% to 5.2% of cases. However, many series report this entity to account for less than 1% of patients with primary HPT. 1, 3, 4 The median age in most series is between 45 and 51 years. 1 The ratio of affected women to men is 1:1, in contrast to primary HPT where there is a significant female predominance of 3 to 4:1. 4 Mutation of the HRPT2 (also called CDC73) tumor suppressor gene has been recognized to play a central role in the molecular pathogenesis of parathyroid carcinoma. HRPT2 is located on chromosome 1 and encodes parafibromin, a protein whose function remains under investigation but appears to involve regulation of gene expression and inhibition of cell proliferation. Sporadic (nonfamilial) parathyroid carcinomas frequently bear HRPT2 mutations. One study reported HRPT2 mutation in 10 of 15 sporadic parathyroid cancers, while another identified the mutation in 4 of 4 carcinomas. 5, 6 Most mutations were somatic, implying a selective advantage that attests to their pathogenetic importance. Furthermore, because mutations outside the coding region are expected to occur but would have escaped detection, it is plausible that HRPT2 inactivation drives virtually all parathyroid cancers. Unsuspected germ-line mutations were also discovered in a substantial minority of patients who presented clinically with sporadic disease, suggesting that some of these individuals may have hyperparathyroidism-jaw tumor syndrome (HPT-JT), or a phenotypic variant. 5 This recognition that family members of some patients with apparently sporadic parathyroid cancer are also at risk for parathyroid malignancy has created a new indication for genetic testing. 5 The frequency of the various parathyroid lesions underlying hyperfunction is 75 to 80% from adenoma, 10-15% from primary hyperplasia, and less than 5% from parathyroid carcinoma. 7 These tumors secrete parathyroid hormone producing hyperparathyroidism, which is usually severe. Parathyroid carcinoma may be suspected but it usually cannot be confirmed prior to operation. 8, 9 Parathyroid carcinoma tends to be localized in the inferior parathyroid glands. One study reported that the primary tumor originating in the inferior parathyroid glands was found in 15 of 19 cases involving local invasion. 4 Certain clinical features may help to distinguish parathyroid carcinoma from adenoma. Parathyroid carcinoma should be suspected clinically if any of the following are present: (1) hypercalcemia greater than 14 mg/dL and serum PTH levels more than twice that of normal, (2) hypercalcemia with a palpable neck mass (3) hypercalcemia associated with unilateral vocal cord paralysis, and (4) markedly elevated serum PTH accompanying renal and skeletal disease. 10, 14 Our patient presented with multiple fractures on all extremities, nephrolithiasis, severe hypercalcemia and a markedly elevated serum PTH. Ultrasonographic findings also revealed a parathyroid mass at the inferior pole of the left thyroid lobe, which was later confirmed to be a carcinoma.
No effective medical therapy for parathyroid carcinoma is known. Trials of chemotherapeutic agents have been generally disappointing, with only anecdotal reports of success. This tumor is sufficiently rare that controlled trials are impossible. 9 Medical therapy is primarily geared toward management of the hypercalcemia that is often quite severe. Treatment is similar to hypercalcemia due to (Figure 5a and 5b). The right parathyroid gland showed mild hypercellularity with benign epithelial cells and cystic degeneration consistent with adenoma. Immunohistochemical staining revealed negative results for TTF-1, calcitonin and chromogranin. Ki-67 study also showed low proliferation at less than 6%. These signify the absence of a neuroendocrine tumor and also indicate a slow rate of cell division of the parathyroid malignant cells.
Outcome and Follow-up
Three months after discharge, the multiple fractures in her extremities resolved completely with no recurrence of fractures or bone pains (Figures 6 and 7) . The hard masses in the left femur and tibia also disappeared.
DISCUSSION
No effective medical therapy for parathyroid carcinoma is known. Trials of chemotherapeutic agents have been generally disappointing, with only anecdotal reports of success. This tumor is sufficiently rare that controlled trials are impossible. 9 Medical therapy is primarily geared toward management of the hypercalcemia that is often quite severe. Treatment is similar to hypercalcemia due to ONLINE FIRST | November 30, 2015 | http://dx.doi.org/10.15605/jafes.030.02.14 Ê other causes. At initial presentation and for rapid treatment of severe hypercalcemia, volume loading and diuresis with a calcium-wasting loop diuretic is the treatment of choice. The next line of therapy, used for chronic treatment, is the bisphosphonates. Hypercalcemia due to parathyroid cancer is often resistant to long-term medical management and is usually the cause of death in patients with metastatic disease. 9 Ê Figure 5a and 5b. Left parathyroid gland showing hypercellularity with fibrosis, trabecular growth, and areas with monotonous nuclear atypia. Capsular, vascular, perineural and thyroid gland invasion were not seen (H&E, x 400). Surgery is the mainstay of therapy. The approach to initial surgery has evolved from an extremely aggressive procedure with ipsilateral thyroidectomy, isthmusectomy, excision of nearby strap muscles and removal of the recurrent laryngeal nerve, to a less aggressive one, involving parathyroidectomy or en-bloc resection of the parathyroid mass and any adjacent tissues that have been invaded by tumor. 14 In a study of Anderson, Samaan and Vassilopoulou, the disease typically follows one of 3 courses: (1) a third of patients are cured at initial or follow-up surgery, (2) another third recur after a prolonged disease-free survival but may be cured with reoperation, and (3) the remainder experience a short and aggressive course with a high recurrence rate, even after a seemingly successful surgery. The combined 5-and 10-year survival rates varied from 50 to 70% and 13 to 35%, respectively. 14 In some cases it may not be possible to differentiate parathyroid adenoma or carcinoma at the time of diagnosis or initial surgery. Local recurrence or occurrence of distant metastases at subsequent follow-up ultimately determines the correct pathological diagnosis. 12 Approximately 40% to 60% of patients experience a post-surgical recurrence, typically in the range of 2 to 5 years after the initial resection. 15 Surgery is the mainstay of therapy. The approach to initial surgery has evolved from an extremely aggressive procedure with ipsilateral thyroidectomy, isthmusectomy, excision of nearby strap muscles and removal of the recurrent laryngeal nerve, to a less aggressive one, involving parathyroidectomy or en-bloc resection of the parathyroid mass and any adjacent tissues that have been invaded by tumor. 14 In a study of Anderson, Samaan and Vassilopoulou, the disease typically follows one of 3 courses: (1) a third of patients are cured at initial or follow-up surgery, (2) another third recur after a prolonged disease-free survival but may be cured with reoperation, and (3) the remainder experience a short and aggressive course with a high recurrence rate, even after a seemingly successful surgery. The combined 5-and 10-year survival rates varied from 50 to 70% and 13 to 35%, respectively. 14 In some cases it may not be possible to differentiate parathyroid adenoma or carcinoma at the time of diagnosis or initial surgery. Local recurrence or occurrence of distant metastases at subsequent follow-up ultimately determines the correct pathological diagnosis. 12 Approximately 40% to 60% of patients experience a post-surgical recurrence, typically in the range of 2 to 5 years after the initial resection. 15 (a) (b) played a role in increasing our patient's thrombotic risk. This highlights a potential direct association between CVST and hypertriglyceridemia in the absence of other pre-disposing factors. If such a relationship between hypertriglyceridemia and CVST were to be found, new diagnostic measures might be warranted and this may also have an implication on the risk of recurrence and duration of anticoagulation in this group of patients.
CONCLUSION
Severe hypertriglyceridemia may trigger CVST. In this rare case study, hypertriglyceridemia was the only predisposing risk factor for developing CVST. Our case highlights the need for clinicians to consider CVST among patients with uncontrolled hypertriglyceridemia. New diagnostic measures may become necessary which may also have an implication on the risk of recurrence and duration of anticoagulant therapy in this group of patients. played a role in increasing our patient's thrombotic risk. This highlights a potential direct association between CVST and hypertriglyceridemia in the absence of other pre-disposing factors. If such a relationship between hypertriglyceridemia and CVST were to be found, new diagnostic measures might be warranted and this may also have an implication on the risk of recurrence and duration of anticoagulation in this group of patients.
Severe hypertriglyceridemia may trigger CVST. In this rare case study, hypertriglyceridemia was the only predisposing risk factor for developing CVST. Our case highlights the need for clinicians to consider CVST among patients with uncontrolled hypertriglyceridemia. New diagnostic measures may become necessary which may also have an implication on the risk of recurrence and duration of anticoagulant therapy in this group of patients.
